Although the human brain is exceptional in size and information processing capabilities, it is similar to other mammals with regard to the factors that promote its optimal performance. Three such factors are the challenges of physical exercise, food deprivation/fasting, and social/intellectual engagement. Because it evolved, in part, for success in seeking and acquiring food, the brain functions best when the individual is hungry and physically active, as typified by the hungry lion stalking and chasing its prey. Indeed, studies of animal models and human subjects demonstrate robust beneficial effects of regular exercise and intermittent energy restriction/fasting on cognitive function and mood, particularly in the contexts of aging and associated neurodegenerative disorders. Unfortunately, the agricultural revolution and the invention of effort-sparing technologies have resulted in a dramatic reduction or elimination of vigorous exercise and fasting, leaving only intellectual challenges to bolster brain function. In addition to disengaging beneficial adaptive responses in the brain, sedentary overindulgent lifestyles promote obesity, diabetes and cardiovascular disease, all of which may increase the risk of cognitive impairment and Alzheimer's disease. It is therefore important to embrace the reality of the requirements for exercise, intermittent fasting and critical thinking for optimal brain health throughout life, and to recognize the dire consequences for our aging population of failing to implement such brain-healthy lifestyles.
Evolutionary perspective: why 'hunger games' bolster brainpower
Animals in the wild, particularly carnivores, survive by being able to locate and acquire food. As a corollary, evolution favored those individuals and species that were adept at outsmarting their prey and their competitors in the struggle for limited food sources. The brain is therefore geared for a high level of motivation and * Tel.: +1 410 558 8482; fax: +1 410 558 8465.
E-mail address: mark.mattson@nih.gov optimal sensory-motor and cognitive function when the individual experiences hunger/food scarcity, and the often vigorous exercise required to obtain food ( Fig. 1 ; and see Raichlen and Gordon, 2011) . For most species, individuals would not survive if their brains and bodies were not functioning well when hungry. Unlike the ad libitum eating pattern of modern humans and their domesticated pets and farm animals, our human ancestors and wild animals ate/eat sporadically with inter-meal intervals that depend upon the availability of food sources. For example, many carnivores catch and eat prey only once a day, once every few days, or even less frequently (Gervasi et al., 2012) . Extreme examples include the king and emperor penguins which typically fasts for
